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(54) Vehicle control system for lane changing 

(57) A vehicle control system for controlling its own 
vehicle to follow another vehicle has a radar unit. The 
radar unit has function for detecting a relative distance 
from its own vehicle to a front vehicle in front of its own 
vehicle and a relative speed of the front vehicle with 
respect to its own vehicle, and outputting information 
representing the relative distance and the relative 
speed. A lane change detector detects a lane change 
which is made by its own vehicle and outputs a lane 

FZQ. 3 



change signal indicative of the lane change. A proces- 
sor estimates a future lane or path for its own vehicle 
from the lane change signal from the lane change 
detector, unlocks a preceding vehicle which its own 
vehicle has followed, and determines a new preceding 
vehicle which its own vehicle is to lock on based on the 
estimated future lane or path and the information out- 
putted by the radar unit 
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Description 

The present invention relates to a vehicle control 
system for controlling a vehicle of its own to follow a pre- 
ceding vehicle while running in pursuit. 

One known vehicle control system is disclosed in 
Japanese laid-open patent publication No. 6-144076. 
The disclosed vehicle control system controls a vehicle 
of its own based on the distance between the vehicle of 
its own and a preceding vehicle so as to follow the pre- 
ceding vehicle. 

The vehicle control system has a vehicle-to-vehicle 
distance detector for detecting the distance from its own 
vehicle which incorporates the vehicle control system to 
a preceding vehicle, a steering angle detector for 
detecting a steering angle of its own vehicle, a vehicle 
speed detector for detecting a vehicle speed of its own 
vehicle, a turn radius calculator for calculating the radius 
of a turn which its own vehicle is making based on the 
detected steering angle and the detected vehicle speed, 
an evaluator for evaluating the probability that the pre- 
ceding vehicle is running in the lane of its own vehicle 
based on the calculated turn radius and the detected 
vehicle-to-vehicle distance, and a controller for control- 
ling the throttle valve or brake of its own vehicle based 
on the evaluated probability. 

In operation, the vehicle control system calculates 
the radius of a turn which its own vehicle is making 
based on the detected steering angle and the detected 
vehicle speed, and decides whether the preceding vehi- 
cle is present in the lane of its own vehicle based on the 
calculated turn radius and the detected vehicle-to-vehi- 
cle distance. 

The vehicle control system quantitatively evaluates 
the possibility of an erroneous detection of a preceding 
vehicle based on the fact that such an erroneous detec- 
tion depends on the turn radius and the vehicle-to-vehi- 
cle distance, and adjusts a control gain for the throttle 
valve or brake control process depending on the possi- 
bility of the erroneous detection, i.e., the probability that 
the detected preceding vehicle is positioned in the lane 
of its own vehicle, for thereby varying the characteristics 
of its own vehicle with which to follow the preceding 
vehicle. 

Since the control gain is lowered with respect to a 
preceding vehicle whose possibility of being errone- 
ously detected is high, the vehicle control system will 
not be adversely effected by a preceding vehicle run- 
ning in an adjacent lane. 

The disclosure of Japanese laid-open patent publi- 
cation No. 6-144076 is silent about how the vehicle con- 
trol system operates when its own vehicle changes 
lanes. 

When the driver of its own vehicle turns the steering 
wheel clockwise to move its own vehicle from the 
present lane to a right lane, the conventional vehicle 
control system determines a front vehicle running on 
the right side as a new preceding vehicle to follow. At 



this time, when the driver returns the steering wheel 
counterclockwise to orient its own vehicle along the 
right lane, the conventional vehicle control system tends 
to determine a vehicle running in the original lane, from 

5 which its own vehicle has moved to the right lane, as a 
new preceding vehicle to follow. 

Conversely, when the driver of the vehicle turns the 
steering wheel counterclockwise to move its own vehi- 
cle from the present lane to a left lane, the conventional 

10 vehicle control system determines a front vehicle on the 
left side as a new preceding vehicle to follow. At this 
time, when the driver returns the steering wheel clock- 
wise to orient its own vehicle along the left lane, the con- 
ventional vehicle control system tends to determine a 

15 vehicle running in the original lane, from which the vehi- 
cle has moved to the left lane, as a new preceding vehi- 
cle to follow. 

Specifically, such a problem will be described below 
with reference to FIGS. 1 A - 1 C and 2 of the accompa- 

20 nying drawings. 

It is assumed that a vehicle Z of its own, i.e., a vehi- 
cle which incorporates the vehicle control system, fol- 
lows a preceding vehicle P while running along a lane in 
a road RT, as shown in FIG. 1 A, and then changes from 

25 the lane to an adjacent lane across a lane line CL, as 
shown in FIG. 1B, and after changing to the adjacent 
lane, its own vehicle Z follows a preceding vehicle Q in 
the adjacent lane, as shown in FIG. 1C. 

FIG. 2 of the accompanying drawings shows the 

30 manner in which the steering angle 0 of the vehicle Z 
varies when the vehicle Z changes the lanes. In FIG. 2, 
the steering angle 9 is positive when the steering wheel 
of the vehicle Z is turned counterclockwise, and nega- 
tive when the steering wheel of the vehicle Z is turned 

35 clockwise. The yaw rate of the vehicle Z is plotted in the 
same pattern as shown in FIG. 2 when the vehicle Z 
changes the lanes. 

The steering angle 9 goes through different values 
a - e shown in FIG. 2 as the vehicle Z moves through 

40 successive corresponding points a - e shown in FIG. 1 B 
while changing the lanes. 

If a preceding vehicle is determined based on the 
yaw rate or the steering angle of the vehicle Z without 
detecting the lane change, then the preceding vehicle 

45 may erroneously be determined when the steering 
wheel is returned in the vicinity of the point d. 

Specifically, while the vehicle Z is running along the 
original lane, it locks on and follows the preceding vehi- 
cle P which is also running in the same lane. When the 

so vehicle Z changes from the original lane to a left lane, it 
unlocks the preceding vehicle P. and moves into the left 
lane by turning the steering wheel clockwise. Immedi- 
ately before the vehicle Z completes the lane change, 
the steering wheel of the vehicle Z is returned counter- 

55 clockwise in the vicinity of the point p. and the vehicle Z 
tends to recognize the vehicle P as a preceding vehicle 
again. 

Therefore, until the vehicle Z completes the lane 
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change, the vehicle Z cannot determine the vehicle Q 
definitely as a preceding vehicle. As a result, a relatively 
long period of time is spent from the time when the vehi- 
cle Z unlocks the preceding vehicle P to the time when 
the vehicle Z finally locks on the preceding vehicle Q. s 
For this reason, the driver of the vehicle Z is likely to feel 
that the vehicle Z is not making the lane change 
smoothly. 

It is therefore an object of the present invention to 
provide a vehicle control system for accurately deter- io 
mining a preceding vehicle to follow when changing 
lanes. 

Another object of the present invention is to provide 
a vehicle control system which prevents a vehicle run- 
ning obliquely in front of its own vehicle in a lane adja- 15 
cent to a lane which its own vehicle reaches after 
changing lanes, from being determined as a preceding 
vehicle to follow. 

According to an aspect of the present invention, 
there is provided a vehicle control system for controlling 20 
its own vehicle to follow another vehicle, comprising a 
radar unit for detecting a relative distance from its own 
vehicle to a front vehicle in front of its own vehicle and a 
relative speed of the front vehicle with respect to its own 
vehicle, and outputting information representing the rel- 25 
ative distance and the relative speed, a lane change 
detector for detecting a lane change which is made by 
its own vehicle and outputting a lane change signal 
indicative of the lane change, and a processor for esti- 
mating a future lane or path for its own vehicle from 30 
present running states of its own vehicle and the lane 
change signal from the lane change detector, and deter- 
mining a preceding vehicle which its own vehicle is to 
follow based on the estimated future lane or path and 
the information outputted by the radar unit 35 

If a preceding vehicle were determined on the basis 
of the yaw rate or steering angle of its own vehicle with- 
out the detection of a lane change, a wrong vehicle 
would tend to be determined as a preceding vehicle 
when the steering wheel of its own vehicle is returned 40 
upon the lane change. 

With the vehicle control system according to the 
present invention, however, since the lane change 
detector outputs a lane change signal representing a 
lane change, and the processor estimates a future lane 45 
or path based on the lane change signal, any wrong 
vehicle is prevented from being determined as a pre- 
ceding vehicle. 

Furthermore, because the processor estimates a 
future lane or path based on the lane change signal, it so 
can clearly distinguish a lane or path for its own vehicle 
before and after the lane change. 

According to another aspect of the present inven- 
tion, there is provided a vehicle control system for con- 
trolling its own vehicle to follow another vehicle. 55 
comprising a radar unit for detecting a relative distance 
from its own vehicle to a front vehicle in front of its own 
vehicle and a relative speed of the front vehicle with 



respect to its own vehicle, and outputting information 
representing the relative distance and the relative 
speed, a lane change detector for detecting a lane 
change, which is made by its own vehicle and outputting 
a lane change signal indicative of the lane change, and 
a processor for estimating a future lane or path for its 
own vehicle from present running states of its own vehi- 
cle, determining a preceding vehicle which its own vehi- 
cle is to follow based on the estimated future lane or 
path and the information outputted by the radar unit, 
and preventing its own vehicle from following the pre- 
ceding vehicle in response to the lane change signal 
outputted by the lane change detector. 

Inasmuch as its own vehicle is prevented from fol- 
lowing the preceding vehicle upon the lane change, the 
vehicle control system is prevented from determining, 
as a preceding vehicle, a vehicle which is running 
obliquely in front of its own vehicle in a lane adjacent to 
the lane in which its own vehicle runs after the lane 
change. 

The processor comprises means for determining a 
vehicle closest to its own vehicle in the estimated future 
lane or path therefor, as a preceding vehicle which its 
own vehicle is to follow based on the estimated future 
lane or path and the information outputted by the radar 
unit After the lane change, the processor can continu- 
ously control its own vehicle to follow the preceding 
vehicle. 

The lane change detector comprises a steering 
angle sensor for detecting a steering angle of its own 
vehicle and means for outputting the lane change signal 
when the detected steering angle is greater than a pre- 
determined threshold. When the steering angle varies 
in excess of the predetermined threshold, the lane 
change detector can quickly detect a lane change. The 
lane change detector is also capable of detecting when 
its own vehicle is making a lane change and has com- 
pleted a lane change. 

The lane change detector comprises a yaw rate 
sensor for detecting a yaw rate of its own vehicle and 
means for outputting the lane change signal when the 
detected yaw rate is greater than a predetermined 
threshold. When the yaw rate varies in excess of the 
predetermined threshold, the lane change detector can 
quickly detect a lane change. The lane change detector 
is also capable of detecting when its own vehicle is mak- 
ing a lane change and has completed a lane change. 

According to still another aspect of the present 
invention, there is provided a vehicle control system for 
controlling its own vehicle to follow another vehicle, 
comprising a radar unit for detecting a relative distance 
from its own vehicle to a front vehicle in front of its own 
vehicle and a relative speed of the front vehicle with 
respect to its own vehicle, and outputting information 
representing the relative distance and the relative 
speed, a lane change detector for detecting a lane 
change which is made by its own vehicle and outputting 
a lane change signal indicative of the lane change, and 
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a processor for estimating a future lane or path for its 
own vehicle from the lane change signal from the lane 
change detector, unlocking a preceding vehicle which 
its own vehicle has followed, and determining a new 
preceding vehicle which its own vehicle is to lock on 5 
based on the estimated future lane or path and the infor- 
mation outputted by the radar unit. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent 
from the following description when taken in conjunction 10 
with the accompanying drawings which illustrate a pre- 
ferred embodiment of the present invention by way of 
example. 

FIGS. 1A, 1B, and 1C are schematic plan views 15 
showing the positional relationship between vehi- 
cles when one of the vehicles makes a lane 
change; 

FIG. 2 is a diagram showing the manner in which 
the steering angle of a vehicle which makes a lane 20 
change varies with time; 

FIG. 3 is a block diagram of a vehicle control sys- 
tem according to the present invention; 
FIG. 4 is a flowchart of an operation sequence of a 
processor of the vehicle control system shown in 25 
FIG. 3; 

FIG. 5 is a diagram showing the manner in which 
the steering angle of a vehicle which makes a lane 
change varies with time, and a threshold value; 
FIG. 6A is a schematic plan view illustrative of map 
information representing an estimated path for a 
vehicle before making a lane change and the posi- 
tion of a preceding vehicle; 
FIG. 6B is a schematic plan view illustrative of map 
information representing a tentative path for a vehi- 
cle after making a lane change and the position of a 
preceding vehicle; and 

FIG. 7 is a schematic plan view illustrative of map 
information representing a history of movement of a 
vehicle and other vehicles running in front of the 
vehicle. 

As shown in FIG. 3, a vehicle control system 1 
according to the present invention generally comprises 
a radar unit 2 for detecting the distance between a vehi- 
cle of its own which incorporates the vehicle control sys- 
tem 1 and another vehicle which runs in front of its own 
vehicle and the speed of the other vehicle with respect 
to its own vehicle, and outputting information represent- 
ing the distance and the speed, and a processor 6 for 
estimating a future lane or path for its own vehicle and 
determining a preceding vehicle which its own vehicle is 
to follow, based on the estimated future lane or path and 
the information from the radar unit 2. 

The vehicle control system 1 also has a throttle 
valve actuator 7 and a brake actuator 8. The throttle 
valve actuator 7 or the brake actuator 8 is controlled by 
the processor 6 to increase or reduce the vehicle speed 



of its own vehicle for allowing its own vehicle to automat- 
ically follow a preceding vehicle while maintaining a suf- 
ficient vehicle-to-vehicle distance between its own 
vehicle and the preceding vehicle. 

The vehicle control system 1 further includes a lane 
change detector 5 for detecting a lane change made by 
its own vehicle and outputting a lane change signal, and 
a vehicle speed sensor 3 for detecting a vehicle speed 
of its own vehicle. 

The processor 6 estimates the future lane or path 
for its own vehicle based on a lane change signal from 
the lane change detector 5. The processor 6 may com- 
prise a microcomputer system, a DSP (digital signal 
processor), or an ECU (electronic control unit). 

The radar unit 2 radiates an electromagnetic wave 
or a laser beam in front of its own vehicle, receives an 
echo wave or beam reflected from a vehicle in front of its 
own vehicle, and detects the distance between its own 
vehicle and another vehicle which runs in front of its own 
vehicle and the speed of the other vehicle with respect 
to its own vehicle. 

The radar unit 2 may comprise an FM-CW radar 
unit, and may be arranged to detect the relative distance 
and the relative speed from the frequency of a beat sig- 
nal which is generated by mixing the transmitted elec- 
tromagnetic wave and the echo wave. 

The transmitted electromagnetic wave may have a 
frequency ranging from 30 GHz to 150 GHz. 

The lane change detector 5 comprises a yaw rate 
sensor 51 for detecting a yaw rate of its own vehicle, a 
steering angle sensor 52 for detecting a steering angle 
of its own vehicle, a high-precision navigation system 
53, a TV camera 54 for imaging a scene in front of its 
own vehicle, and a CPU 55 for performing various calcu- 
lations. The lane change detector 5 may additionally 
have a D(<flfferential)-GPS (global positioning system). 

A detected yaw rate signal from the yaw rate sensor 
51, a detected steering angle signal from the steering 
angle sensor 52, a detected vehicle speed signal from 
the vehicle speed sensor 3, a signal from the navigation 
system 53, and a video signal from the TV camera 54 
are supplied to the CPU 55 and the processor 6. 

The CPU 55 has a certain threshold level for deter- 
mining a lane change, which is established in advance 
with respect to a detected signal from the yaw rate sen- 
sor 51 or the steering angle sensor 52. 

When the yaw rate sensor 51 or the steering angle 
sensor 52 generates a detected signal in excess of the 
threshold level, the CPU 55 determines that its own 
vehicle is making a lane change, and issues a lane 
change signal to the processor 6. 

The CPU 55 also calculates a history of movement 
of its own vehicle from the vehicle speed and steering 
angle (or yaw rate) of its own vehicle If a lateral dis- 
placement corresponding to a lane change occurs in the 
calculated history of movement, then the CPU 55 deter- 
mines that its own vehicle is making a lane change, and 
issues a lane change signal to the processor 6. 
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The CPU 55 can also determine that its own vehicle 
is making a lane change from positional information of 
its own vehicle supplied from the navigation system 53. 

The CPU 55 can also determine that its own vehicle 
is making a lane change based on the operation of a s 
direction indicator of its own vehicle. 

Furthermore, the CPU 55 identifies a road and a 
white marking line on the road based on a video signal 
from the TV camera 54. The CPU 55 determines that its 
own vehicle is making a lane change from the identified io 
white marking line, the yaw rate or the steering wheel of 
its own vehicle. 

Based on the information of a vehicle running in 
front of its own vehicle from the TV camera 54, the vehi- 
cle speed from the vehicle speed sensor 3, the video 75 
signal from the TV camera 4, the lane change signal 
from the lane change detector 5, the raw rate from the 
yaw rate sensor 51, and the steering angle from the 
steering angle sensor 52, the processor 6 controls the 
throttle valve actuator 7 or the brake actuator 8 to 20 
increase or reduce the vehicle speed of its own vehicle 
for allowing its own vehicle to automatically follow a pre- 
ceding vehicle while maintaining a sufficient vehicle-to- 
vehicle distance between its own vehicle and the pre- 
ceding vehicle 25 

The processor 6 also calculates a width W (see 
FIGS. 6A and 6B) of the lane in which its own vehicle is 
running, from the video signal from the TV camera 4. 

The processor 6 has a front vehicle information 
processing unit 61 which plots in a common coordinate 30 
system the relative position of a vehicle in front of its 
own vehicle, obtained from the radar unit 2, and a future 
path for its own vehicle estimated from the vehicle 
speed and steering angle (or yaw rate) of its own vehi- 
cle. The front vehicle information processing unit 61 35 
also temporarily stores map information representing 
the plotted position and future path. 

The front vehicle information processing unit 61 fur- 
ther plots in an absolute coordinate system the relative 
position of a vehicle in front of its own vehicle, obtained 40 
from the radar unit 2, and information of movement of its 
own vehicle, obtained from the vehicle speed and steer- 
ing angle (or yaw rate) of its own vehicle. The front vehi- 
cle information processing unit 61 also temporarily 
stores map information representing a history of move- 45 
ment of its own vehicle and the front vehicle. 

The processor 6 also has a preceding vehicle 
determining unit 62 which determines a front vehicle 
positioned on the estimated path and at a shortest dis- 
tance from its own vehicle, as a preceding vehicle which so 
its own vehicle is to follow, in the map information repre- 
senting the estimated path for its own vehicle and the 
position of the front vehicle in the common coordinate 
system. 

Operation of the processor 6 will be described 55 
below with reference to FIG. 4. 

The processor 6 repeatedly executes a succession 
of steps shown in FIG. 4. 
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In step SI, the processor 6 decides whether its own 
vehicle is making a lane change or not from the lane 
change signal. If its own vehicle is not making a lane 
change, then the processor 6 decides whether there is 
a preceding vehicle which its own vehicle is locking on 
in step S9. If there is a preceding vehicle which its own 
vehicle is locking on, then the processor 6 continuously 
controls its own vehicle to follow the preceding vehicle in 
step S8. A mode in which its own vehicle runs while fol- 
lowing the preceding vehicle is referred to as a pursuit 
vehicle control mode. If there is not a preceding vehicle 
which its own vehicle is locking on, then the operation 
sequence shown in FIG. 4 is finished, and the processor 
6 controls its own vehicle to run in a manual control 
mode or an automatic cruise control mode. 

The pursuit vehicle control mode, the manual con- 
trol mode, and the automatic cruise control mode, surd 
switching between these modes are indicated to the 
driver of its own vehicle with a voice, a buzzer, or a 
lamp. 

If its own vehicle is making a lane change, then the 
processor 6 decides whether there is a preceding vehi- 
cle which its own vehicle is locking on presently or 
immediately prior to the lane change (or there is a vehi- 
cle presently determined as a preceding vehicle) or not 
in step S2. If there is a preceding vehicle which is being 
locked on (automatically tracked), then the processor 6 
immediately unlocks the preceding vehicle or cancels 
the decision to determine the vehicle as the preceding 
vehicle in step S3. 

In step S4» the processor 6 calculates a start time 
Ts (also see FIG. 5) when the lane change has started 
from a detection time Tt when the lane change has been 
detected, and also detects a direction (left or right) of 
the lane change. 

In step S5. the processor 6 extracts map informa- 
tion of the estimated path for its own vehicle at the start 
time Ts from the map information representing the posi- 
tion of the front vehicle and the estimated path for its 
own vehicle. The processor 6 then moves the estimated 
path for its own vehicle in the detected direction (left or 
right) of the lane change for the calculated width W in 
the extracted map information, and uses the moved 
path as a tentative path. 

In step S6, the processor 6 decides whether there 
is a vehicle in front of its own vehicle in the tentative 
path on the map information in which the tentative path 
is plotted. 

If there is a vehicle in front of its own vehicle in the 
tentative path, then the processor 6 determines a front 
vehicle positioned at a shortest distance from its own 
vehicle as a preceding vehicle in step S7. 

The processor 6 then controls its own vehicle to fol- 
low the preceding vehicle in step S8. 

If there is not a vehicle in front of its own vehicle in 
the tentative path, then the processor 6 determines 
there is no preceding vehicle after the lane change, and 
controls its own vehicle to run in the automatic cruise 



EP 0 890 470 A2 



5 



9 



EP0 890 470 A2 



10 



control mode. 

FIG. 5 shows the manner in which the steering 
angle 0 of the vehicle varies when the vehicle makes the 
lane change. The yaw rate of the vehicle varies in the 
same pattern as the steering angle 0. 

The processor 6 uses the time when the steering 
angle 9 exceeds a threshold level et as the detection 
time Tt. The processor 6 calculates the start time Ts 
from the detection time Tt as described above. 

The processor 6 is capable of temporarily storing 
the detected yaw rate from the yaw rate sensor 51 and 
the detected steering angle from the steering angle sen- 
sor 52. 

The processor 6 and the CPU 55 may be combined 
as a single processing and controlling system. 

FIG. 6A illustrates map information representing an 
stimated path for a vehicle before making a lane 
change and the position of a preceding vehicle, and 
FIG. 6B illustrates map information representing a ten- 
tative path for a vehicle after making a lane change and 
the position of a preceding vehicle. 

In FIGS. 6A and 6B, a vehicle Z which incorporates 
the vehicle control system runs in one of lanes of a road 
RT which are divided by a lane line CL, each of the 
lanes having a width W. FIG. 6A shows an estimated 
path K1 for the vehicle Z in the present lane, and FIG. 
6B shows a tentative path K2 for the vehicle Z in the 
adjacent lane. 

Before making a lane change, the vehicle Z runs in 
the present lane while following a preceding vehicle P. 
The processor 6 estimates the path K1 for the vehicle Z 
in the direction of the preceding vehicle P. 

If the processor 6 recognizes a lane change based 
on a lane change signal from the lane change signal, 
then the processor 6 moves the estimated path K1 for 
its own vehicle in the direction of the lane change for the 
width W, thus obtaining the tentative path K2 in the adja- 
cent lane to which the lane change is made. Therefore, 
a front vehicle Q running in the tentative path K2 in the 
adjacent lane can quickly be determined as a new pre- 
ceding vehicle. 

FIG. 7 illustrates map Information representing a 
history of movement of a vehicle Z and front vehicles P, 
Q running in front of the vehicle Z. 

In FIG. 7, positions of the vehicles Z, P, Q are plot- 
ted in an absolute coordinate system, e.g., an X-Y coor- 
dinate system, at successive times t1 , t2, t3. When the 
vehicle Z makes a lane change, the processor 6 may 
determine a preceding vehicle on a historical map rep- 
resenting such plotted positions of the vehicles Z, P, Q. 
The processor 6 may estimate a future path for the vehi- 
cle Z based on the history of movement of the front vehi- 
cles P. Q. 

When making a lane change, the driver may tempo- 
rarily interrupt the pursuit vehicle control mode, and may 
subsequently resume the pursuit vehicle control mode 
by operating a resume switch. 

Alternatively, when a lane change is made, the 



processor 6 may automatically interrupt the pursuit 
vehicle control mode, and subsequently resume the 
pursuit vehicle control mode when the driver operate 
the resume switch. 

s Hie vehicle control system according to the illus- 
trated embodiment estimates a future path for its own 
vehicle and uses the estimated future path to determine 
a preceding vehicle. However, the vehicle control sys- 
tem may be arranged to estimate a future lane for its 

10 own vehicle and use the estimated lane to determine a 
preceding vehicle. 

The vehicle control system according to the present 
invention offers various advantages as described below. 
When its own vehicle makes a lane change while in 

15 the pursuit vehicle control mode, it can quickly unlock 
the preceding vehicle which it has locked on thus far, 
and quickly calculate information of a front vehicle which 
its own vehicle has to lock on next. 

Therefore, the driver of its own vehicle can quickly 

20 accelerate or decelerate the vehicle in the lane change 
just like the driver does in the manual control mode. The 
vehicle can thus be controlled smoothly to follow the 
preceding vehicle without the driver's feeling embar- 
rassed or uncomfortable upon the lane change. 

25 Furthermore, since a lane change from one lane to 
an adjacent lane is first detected by the lane change 
detector and a preceding vehicle is then determined in 
the adjacent lane, any front vehicle running in another 
lane is prevented from being determined as a preceding 

30 lane. 

Although a certain preferred embodiment of the 
present invention have been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 

35 from the scope of the appended claims. 

A vehicle control system for controlling its own vehi- 
cle to follow another vehicle has a radar unit. The radar 
unit has function for detecting a relative distance from its 
own vehicle to a front vehicle in front of its own vehicle 

40 and a relative speed of the front vehicle with respect to 
its own vehicle, and outputting information representing 
the relative distance and the relative speed. A lane 
change detector detects a lane change which is made 
by its own vehicle and outputs a lane change signal 

45 indicative of the lane change. A processor estimates a 
future lane or path for its own vehicle from the lane 
change signal from the lane change detector, unlocks a 
preceding vehicle which its own vehicle has followed, 
and determines a new preceding vehicle which its own 

so vehicle is to lock on based on the estimated future lane 
or path and the information outputted by the radar unit. 

Claims 

55 1 . A vehicle control system tor controlling its own vehi- 
cle to follow another vehicle, comprising: 

a radar unit for detecting a relative distance 
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from its own vehicle to a front vehicle in front of 
its own vehicle and a relative speed of the front 
vehicle with respect to its own vehicle, and out- 
putting information representing the relative 
distance and the relative speed ; 5 
a lane change detector for detecting a lane 
change which is made by its own vehicle and 
outputting a lane change signal indicative of 
said lane change; and 

a processor for estimating a future lane or path 10 
for its own vehicle from present running states 
of its own vehicle and the lane change signal 
from said lane change detector, and determin- 
ing a preceding vehicle which its own vehicle is 
to follow based on the estimated future lane or is 
path and the information outputted by said 
radar unit. 

A vehicle control system according to claim 1, 
wherein said processor comprises means for deter- 20 
mining a vehicle closest to its own vehicle in the 
estimated future lane or path therefor, as a preced- 
ing vehicle which its own vehicle is to follow based 
on the estimated future lane or path and the infor- 
mation outputted by said radar unit 2s 

A vehicle control system according to claim 1, 
wherein said lane change detector comprises a 
steering angle sensor for detecting a steering angle 
of its own vehicle and means for outputting said 30 
lane change signal when the detected steering 
angle is greater than a predetermined threshold. 

A vehicle control system according to claim 1, 
wherein said lane change detector comprises a 35 
yaw rate sensor for detecting a yaw rate of its own 
vehicle and means for outputting said lane change 
signal when the detected yaw rate is greater than a 
predetermined threshold. 

40 

A vehicle control system for controlling its own vehi- 
cle to follow another vehicle, comprising: 

a radar unit for detecting a relative distance 
from its own vehicle to a front vehicle in front of 45 
its own vehicle and a relative speed of the front 
vehicle with respect to its own vehicle, and out- 
putting information representing the relative 
distance and the relative speed; 
a lane change detector for detecting a lane so 
change which is made by its own vehicle and 
outputting a lane change signal indicative of 
said lane change; and 

a processor for estimating a future lane or path 
for its own vehicle from present running states 55 
of its own vehicle, determining a preceding 
vehicle which its own vehicle is to follow based 
on the estimated future lane or path and the 



information outputted by said radar unit, and 
preventing its own vehicle from following said 
preceding vehicle in response to the lane 
change signal outputted by said lane change 
detector. 

6. A vehicle control system according to claim 5, 
wherein said lane change detector comprises a 
steering angle sensor for detecting a steering angle 
of its own vehicle and means for outputting said 
fane change signal when the detected steering 
angle is greater than a predetermined threshold. 

7. A vehicle control system according to claim 5, 
wherein said lane change detector comprises a 
yaw rate sensor for detecting a yaw rate of its own 
vehicle and means for outputting said lane change 
signal when the detected yaw rate is greater than a 
predetermined threshold. 

8- A vehicle control system for controlling its own vehi- 
cle to follow another vehicle, comprising: 

a radar unit for detecting a relative distance 
from its own vehicle to a front vehicle in front of 
its own vehicle and a relative speed of the front 
vehicle with respect to its own vehicle, and out- 
putting information representing the relative 
distance and the relative speed; 
a lane change detector for detecting a lane 
change which is made by its own vehicle and 
outputting a lane change signal indicative of 
said lane change; and 

a processor for estimating a future lane or path 
for its own vehicle from the lane change signal 
from said lane change detector, unlocking a 
preceding vehicle which its own vehicle has fol- 
lowed, and determining a new preceding vehi- 
cle which its own vehicle is to lock on based on 
the estimated future lane or path and the infor- 
mation outputted by said radar unit. 

9. A vehicle control system according to claim 8, 
wherein said processor comprises means for deter- 
mining a vehicle closest to its own vehicle in the 
estimated future lane or path therefor, as a new pre- 
ceding vehicle which its own vehicle is to lock on 
based on the estimated future lane or path and the 
information outputted by said radar unit. 

10. A vehicle control system according to claim 8, 
wherein said lane change detector comprises a 
steering angle sensor for detecting a steering angle 
of its own vehicle and means for outputting said 
lane change signal when the detected steering 
angle is greater than a predetermined threshold. 

11. A vehicle control system according to claim 8, 
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wherein said lane change detector comprises a 
yaw rate sensor for detecting a yaw rate of its own 
vehicle and means for outputting said lane change 
signal when the detected yaw rate is greater than a 
predetermined threshold. s 
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(54) Vehicle control system for lane changing 

(57) A vehicle control system for controlling its own 
vehicle to follow another vehicle has a radar unit (2). 
The radar unit has function for detecting a relative dis- 
tance from its own vehicle to a front vehicle in front of its 
own vehicle and a relative speed of the front vehicle with 
respect to its own vehicle, and outputting information 
representing the relative distance and the relative 
speed. A lane change detector (5) detects a lane 
change which is made by its own vehicle and outputs a 



lane change signal indicative of the lane change. A 
processor (6) estimates a future lane or path for its own 
vehicle from the lane change signal from the lane 
change detector, unlocks a preceding vehicle which its 
own vehicle has followed, and determines a new pre- 
ceding vehicle which its own vehicle is to lock on based 
on the estimated future lane or path and the information 
out-putted by the radar unit. 
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